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THREE piMENSIOUMi TOMOGRAPHIC FABRIC ASSBMBIiy 



This invaation relates to industcial nonwoven fabrics and has particalar, 
Hiou^ not exclusive, relevance to nonwoven pap^xnachine fabrics such as 
S forming fabrics, p^ss f^tjs, dry^ fiabrics» tiuoi^-air dryer (TAD) fabrics, 
hydroentanglemeiit sczeens and trans&r &brics for tise in a papennachine. The 
fabrics of the invention al$o have application as transfer/conveyor fabrics in 
marbmes oth» than papermachines and may bo used, for example, as conveying 
&brics, or 83 screens for latex in^regnation of conventionally air-laid materials^ 

10 and for support or formation screens used in melt blowing or spun bonded 
nonwoven &bric manufacture. 

Paper is conventionally mano&ctured by conveying a paper jEuxnish, 
usually consistmg of an initial sluiry of cellulosic fibre?* on a fomiing fabric or 
between two forming fabrics in a forming section, the nascent sheet then being 

IS passed through a pressiug section and ultimately through a drying section of a 
papennaldng machine. la the case of standard tissue pap^ machines, the p^er 
web is transfbired firom the press &bric to a Yanlcee dryer cylinder and then 
creped, or alternatively on more modem machines a monofilameut woven mesh 
dryer fabric conve>^ the web from the forming &bric to a throughr-air dryer, 

20 followed by a Yankee cylinder. 

Papemiachine clothing is essentially employed to caiiy tbe paper web 
through these various stages of the papemialring machine and to facilitate water 
removal from the sbeet in a controlled manner. In the forming section tbe fibrous 
fornix is wet-laid onto a moving forming wire and 'water is encouraged to drain 

CONFIRMATION COPY 
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fromitbymean^ofsuctionboxesandfoils. The paper web is liiea transferred to 
a press fetoic that conveys it tbroti^ the pressing section, where it is nsuaUy 
passes thiou^ a series of pressure nips formed by rotating cylmdiical press rolls 
or cylindrical press tolls and shoe press belts. Water is squeezed fiom the paper 
5 web and into the press febric as the web and febiic pa^s ttiiough the nip together. 
In fliB final stage, the paper web is transferred eiflier to a Yaxakeedryer, inlhe case 
of tissue papa taaiinJEacttire, or to a set of dryer cylinders upon which, aided by 
the clamping action of the dryer febric, the majority of the remaining water is 
evaporated. 

10 Paperniachine fabrics traditionally oon^ Asthewaip 

and weft yams interweave, a so-called •Tcnuckle" is formed as they cross. These 
knucHes have a texidency to the p^er sheet formed on the fabric- This 
problOTL is particularly apparent at die wet end of the papennacbine where the 
sheet is still highly plastic. In recenl years, varioi;s methods have been suggested 
15 for making nonwoven papermachine fabrics in order to eradicate the problem 
associated with knuckle marking, particularly for press and dryer section 
applications. Many of these have been impractical to manufacture commercially. 

US 3,617,442 describes a forming febric cojr5>rising a sheet of synthetic, 
open-celled, flexible foam such as polyurethane. This is reinforced by a series of 
20 polyester cables, a coarse wire screen or a thin flexible jnetal or plasdc sheet 
Such an arrang^nent, if ever commercialised, would exhibit poor wear resistance. 

GB 2,051,154 relates to a so-called "link belt" in which a base fabric is 
formed from a series of interdigitated helices jomed together by pintle wires. link 
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belts are oii3y suLiable for cwtain applicadoiMS, due to calliper and material 
rcstrictioiis* 

US 4,541,895 describes a papennakers* ffibric made up of a plurality of 
nonwovecL sheets laminated togeflier to define a fabric or belt The nonwoven 
5 sheets axe per£>rated by la^er driUmg* Such sheets are composed of unorieoted 
polymer material, and if produced in "flie fineness needed for papennaldng 
applications, would lack sufUcient dimjeosiondl stability to operate as endless belts 
on papemiaduiies. 

The subject invention of GB 2.235,705 describes a base febric for press 

10 felts. Here an airay of sheath core yams of which the core has a higher melting 
point than the sheath, is fed in spaced parallel disposition to per^heral grooves of 
a pressed roU^ arranged aix nip-formrng relationship with a press roll. The 
material of the sheath is melted as the yams move into and through the roller nip 
and excess melted $heath matetial is forced into lateral and vacant circumferential 

15 grooves in the roUer to fpmi stractural members between adjacent yams. A wide 
belt may be fomied by joining similar strips together- A batt of fibres is 
subsequently ne6<ned to the base &bric so as to form a press &lt. The ba^ fabric 
provided in accordance with GB 2,235,705 has large land areas. Thus there is a 
lot of ••dead" space which can result in the production of an uneven p^er sheet 

20 Also perforations throng the mesh-like base &bric ^ctend straight through the 
i^ric, This is undesirable for ps^er sheet fbmaation^ where controlled dewatering 
is reqiiired, especially darmg the delicate sheet forming phase. 

CSB 2^1,915 relates to a method of producing a papearnaldng iabiic in 
which a lay^ of photopolymeric resin is applied to a moving band, A moving. 
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selectively transparent, mask is positioned above the resin and the resin is 
irradiated fbrough the mask to e£fect an at least partial cure of the parts of the resin 
layer in register with &e transparent regions of ^e tnasTr After irra d ia t ion 
imcured regions of the resin are removed by pressure fUiid jets and final cuiing of 
5 the resin is effected either thermally or by means of flooding actinic radiation. 
The foraminons sheet so fisrmed may be reinforced with yams or fibres. Once 
again holes extend straigjht through the fabric. This is trndesirable for paper sheet 
formation and additionally pemuts the occurrence of harmful 'iDackwash'* which 
comes fixmi hydraulic pnlses passing tbrou^ the fabric firom the machine side. 
10 The direct passage of these pulses disturbs the fira^e cellulosic fibrous network. 

GB 2j|283,991 relate^ to papennacibine clothing made fiom partially fused 
particles. A reinforcing stmcture is embedded within the structure. This 
papennachine clothing is suitable for pressing applications and possibly special 
forming qyplications. 

IS US 5,501^824 describes an apparatus and method of making three- 

dianensional objects out of a modified wa3C^ which becomes fluid on heating. The 
solid wax object may easily be damaged. The mellxod would have particular 
application in the production of small prototypes, which are then generally 
emb^lded in foundry moulding sand to enable a metal casting to be made. The 

20 prototypes are formed, on a vertically moveable platform, by disposing the 
material in a controlled manner £rom a nozzle. The nozzle and platform are 
moveable undtf the control of a computer such that file material dispensed &om 
the nozzle is in the correct location to build xtp ttie prototype in the manner 
illustrated in a CAD system connected to the compute. Support material for the 
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desired object is canstxucted first during the method, where required, and is later 
reacnoved* 

US 5,121329 discloses a method of makuxg a 3D object by what is uiQW 
called Fused Deposition Modeling. 
5 The products made in accordance witii US 5.121,329 and US 5,501,824 

and other rapid piotolyping or Free Fomi Fabrication methods have g^eraUy 
been one-o£f prototype^ which are generally rigid and tiave no function oQi&v than 
to aid the manufacture of an end product of similar dimensions, but which is made 
from a dififerent matedal, for example metaL 

10 The use of Free Fonn Fahrication (EFF) technology in the manufacture of 

pe^ermachine clothing and other ixadustrial fisihrics has not previously been 
contemplated in that the potential of applying that technology to flat, wide, long 
flexible structures has not hitherto been considered. 

According to a first a^ect of tiie present iny^tion there is provided a 

15 method of jnaldng a fabric by Free Form Fabrication. 

For the avoidance of doubt the temi 'Tree Form Fabrication'* as used 
heretn CTibraces so-called selective depo^tion modelling and so-called fosed 
deposition modelling. An example of selective deposition modelling is found in 
US 5,501,824. An example of fused dq>osition modelling is found in US 

20 5,121,329. The fabrics in accordance with the invention have particular, although 
not exclusive, application in the manu&cture of papennachine clothing. This 
technology has been identified as being ideally suitable for the manu&cture of 
forming fiibtics, base fabrics fbr press felts and dzyec fabrics. 
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The term Free Form PabiicatiLon used herdn describes the fonnation of a 
toee-dimensicmal object, tomogr^ihicaUy layer by layer, in a stepwise fashion out 
of a loaterial capable of physical traosfbnnatioii. This may be acbieved in a 
number of ways. la one ^;ypioaoli (selective deposition modelliag, (SDM)) lay^ 
S of fluid tpg*^^*>^ ai:e laid down, sbepm&&^ m droplet form ^rom an inlget inintmg 
head, in the desired locations and are each, solidified as fhey are laid down. In an 
alternative ^proac^ to selective deposition modelling, fused d^>osition modelling 
(EDM) is used. Here amonofiJametit feed yam is melted^ and then extruded, via a 
miax>-63dxuder. in fine filament foxm via a head which can move in x, y and z 

10 directions, i.e. vertically and horizontally in two planes. Again layers of fluid 
material are laid down stepwise in the desired locations and are each solidified as 
they are laid down. 

According to a second aspect of the present invention there is provided a 
method of maldng a fabric fit>m a material cots^xising flie following steps:- 

15 feeding material firom at least one nozzle onto a moveable belt, x^iierein said 
nozzle is moveable for transladonal mov^nent and the spacing between said 
nozsde and the belt is adjustable, and wherein flow tbrou^ said nozzle and 
translatlonal movement of said nozsde is controlled such that said nozzle dispenses 
the material in a controlled manner to form the &bric layer-by-layer. 

20 Accozdins to a third aspect of the present inveDlian there is provided an 

s^aratus for making a fabric fiom a material layer-by-layer, the apparatus 
comprising at least one nozzle and a moveable belt, the nozzle being operable to 
feed material onto the moveable belt, wherein the nozzle is moveable for 
translationdl movement ^d the spacing between the n^^^le and the belt is 
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adju^le, aBd wherdn flow tbrougji said nozzle and translational movement of 
said nozzle is controlled such that said nozzle dispenses the material in a 
controlled manner to form the fiibiic layer by layer. 

For SDM the nozzles are ideally provided in at least one feed head so as to 
5 provide a "nmlti-jet" atiangement, a number of nozzles being provided in each 
feed head- A plxarality of feed beads would conv^tionally be used with selective 
deposition m^deTTfng- Tiie flow fhrou^ the nozzle is quantised; i,e. droplets are 
projected rather tbaa there being a continuous stream of fluid. The nozzles 
together might typically be dispensing about 12,000 drops (pico litre size), per 
10 second. With fused d^osition modelling one nozzle is generally provided for 
each micro-extruder head. The material is extruded jBrom the no2zles. 

The method of dae invention, by both SDM and EDM, facilitates the 
manufacture of a wide variety of febric configurations- A wid^ variety of 
foraminous febrics may be made having any aperture size, shape and distribution. 
15 The aperture size, shape and/or distribution may be deliberately varied, within 
desiiable tolerances, througihout (or at least in the p^er support surface of) the 
fabric although the porosity of the fiabric should be kept as uniform as possible. 
By providing a random distribution of hole shapes, sizes and location in the paper 
support surfece of the fabric the undesirable periodicity associated wifli regular 
20 weave structures is avoided. 

The fabrics of the invention ideally comprise an array of yams extending 
in the intended runnfaag direction djereodC on a machine. Consequently drawn 
yams, to prevent extension, are preferably added to the built up fabric. These 
yam? provide strength in the machine direction. The yams are preferably 
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moiio£Llanieiits or mnltifilaments and are ideally made from any of the follo^wing 
materials: steel, polyester, polyaxnide^ polyolefin, PPS, PEEK, para- aramid or 
fi:om inorganic material^ £>r example glass or basalt The yams are preferably at 
least partly^ and ideally folly, encapsulated in ihe macbine direction lands of the 
S nonwovea &biic as binlt i:^ in the method of Ibe invention. 

Ideally the aforesaid material for making the fabric is normally (at room 
temperature (20^C)) itx a solid state and preferably is made molt^ by heating. In 
such ciicusnstances the droplets of material cool and thus solidify as they are 
d^ositedr 

10 A prefixed material for roalring the fabric, by selective deposition 

TTiodftlliriSj compzis&s a low viscosity (2*-200 Centipoise, more preferably 5-40 
Centipoise, measured at room temperature (20 ^C)) meltable i)Olymeric material. 
The apparatus for use in the method of the invention may be InVision Si2 of 3D 
Systems, ^dnch is &r use in the manu&ctuie of it^ns by selective d^osition 

15 modeUing \ising electrically activated piezo crystals. Here two polymers are 
projected out of different no2;zles of the same feed head. One polymer is the true 
building mat^ial and the other is a siqsport or scaffolding material, whidi may 
comprise, for ^cample, a modified wax. The latter material provides temporary 
support for subsequent layers of building material which tuay later be removed 

20 thermally, possibly by the application of hot water. 

A preferred matmal &r making the fabric by selective deposition 
modelling would comprise a n^ltable i^olymer which solidifies on cooling. Such 
polymers are often refenred to a$ "phase change materials". Suitable thetmoplastic 
matmals for the construction of the fabric by selective deposition modelling 
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include, but are not limited to, any of the following either alone or in 
combination:- polyamides, co-polyamides, polyestexs, co-polyesters, amide 
est^, olefin resins, methanes, amide urethanes and sulphonecL 

An alternative prefeiied mateiial for making the fabric by selective 
5 dqposition modelling compnses a curable material, $uch as a radiation curable 
mateiiaL For e^cample, aUV curable resin maybe used, such as an aoylate-based 
UV curable resin, which matexial solidifies on eTq^osure to UV light The curable 
material may be delivered to the apparatus in the fomi of a relatively viscous gel 
which may be heated to lower its viscosity to a suitable level to enable droplets 

10 thereof to be formed for projection out of the nozzles, which in the case of flie 
IhVision Si2 apparatus conqnise piezo crystal controlled nozzles. Suitable 
monomers or oligomCTs, which solidify under the influence of UV light of suitable 
wavelength, include, but are not limited to, any of the following, either alone or in 
combination: epoxy acrylates, polyester acrylates, silicone acrylates and urediane 

IS acijdates. Cross^linking of such materials may be promoted using a compatible 
photo mitiator. The rate of cross-linking may, if desired, be increased using a 
synergist, $udh as an acrylated amine. 

Heating of the UV curable resins may not in every case be necessary for 
effective production of the fabric by selective deposition modelling. However, it 

20 may nevertheless be desirable that the UV curable resin be heated in order to 
optimise the viscosity of the resin for projection through the nozzles of the 
apparatus. 
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With regard to prefeored support or scaffolding materials, these comprise 
hot melt resins or waxes> said materials having melting points lower than the 
polym^s) compzising the troie building^ or matrix^ material. 

In &sed d^osition modelling the true building, or matrix, material is 
5 preferably supplied to the dispensmg head in the form of a fl^ble sttand of sohd 
loaterial &om 4 supply souic^ such as a reel or rod. Ha? material is heated above 
its soli difi c ati on temperature (Tm) by a heater and then dispensed by extrusion 
and ^plied as a fhdd. 

Suitable th^moplastic materials for use in making ttie fabric by fosed 
10 deposition modelling include, but are not limited to, any of the following either 
alone or in combination:- polyesters, polyamides, high molecular weight 
polyethylenes, polyphenylene sulphide, tbennpplastic polyuzethanes and PEQEL 

In some embodiments of the invention the resin for forming the ^ibric may 
be supplemented with a second lesin or othCT material, whidi acts as a support 
IS structure fof the manufacture of the fabric. This second rrain or other material is 

ideally dissolvable or removable thermally at a temperature that does not affect ' 
the stability of &e &bric. Suitable ^camples of such materials mclude any of the 
foUoxitdng ^fiier alone or in combinadon:- PBO ^oly(2-ethyl-2-oxa2X>line)), 
polyvinyl alcohol, polyethylene oxide, methyl vinyl ether, polyvinyl pyrrohdone- 
20 based polymers^ mal^c adid-based polymm and allcali-soluble base polymers 
containing carboxyjic acid and plasticiser. 

The fabric filaments embodied in the stmcture, which are bmlt up during 
the process may be of any cross-section, e.g. round, square or triangular- 
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The method of the inveatioxx may be used to form coixjplicated fabric 
stractureSy wMi fiiamftr^tp of end sections^ v^cb. cannot be utilised in conventional 
weaving. For example the &bric may conqnise landSj filaments or strands wMoh 
are triangular in ao3S-section. Yams with such end sections would be liable to 
S twisting or distortion duriasg insertion into a woven &bric on a loom. 

In one embodiment apertures are provided in the st^^poxt sur&ce having 
dimensioxis which would accord to those of current woven &brics. However, 
fabrics having smaller apotures may be made in accordance with the method of 
the invention. T3l)icdlly the notional diameter of flie apertures would be in the 
10 range fiom 100 to 800 fmx. 

In Older that the present invention may be more readily understood 
specific embodiments fliereof will now be described by way of example only with 
reference to the accompanying drawings in whidi:- 

Fig, 1 is a diagram of one ^ypaiatus for making a nonwovea fabric in 
IS accordance with the presrat invention; 

Fig. 2 is a perspective view of part of one nonwovea fabric made in 
accordance with the present invention; 

Fig. 3 is a side elevation of the nonwovea fabric of Fig. 2; 
Fig. 4 is a diagrammatic illustratian of the underside of the nonwoven 
20 fabric of Figs. 2 and 3 shown duzing various stages of construction; 

Fig. 5 (including Figs. 5a and 5b) shows alternative methods of producing 
a fabric in accordance with the invention from a series of panels extending in the 
cross-machine direction each made using the apparatus of Fig. 1 ; 
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Fig. 6 shows a mettiod of producing a &bric in accordance wi^ the 
invention fiom a series of panels extending in the machine direction each, mad e 
using the s^aratus of Fig. 1; 

Fig. 7 is a perffpective view of a second nonwoven fabric made in 
5 accoidance with the present invention; 

Fig, 8 is a side elevation of a third nonwoven :&faric made in accordance 
with the present invention; 

Fig. 9 is a perspective view of a fourth nonwoven fabric made in 
accordance with the present invention; 
10 Fig. 10 is a pexspective view of a fiirther Xkonwoven fslbnja made, in 

accordance witii the present invention; and 

Fig. 1 1 is a diagram of a second apparatus for making a nonwoven Sabiic 
in accordance with the present invention. 

Re&iring to Fig. 1 an apparatus 10 for naldng anonwoven forming fsbnc, 
15 witiiout the disadvantage of knuckles fonned by yam interlacings, by SDM in 
accordance with the present inv^tion comprises a plurality of feed heads 13 
mounted in such a maimer as to &cilitate tcanslational movement in both the X 
and Y directions as well as vertically in the Z direction. In this embodiment each 
feed head 13 typically conopxi^es about 450 dispensing nozzles (not shown), 
20 althou^ more may be used. In the Y direction the feed heads must be capable pf 
stt£Scient travel such that material for making the fabric may be deposited from at 
least one of the nozzles of a feed head at any position in the Y-axis between the 
edge$ of the fabric being manufactured on the belt. Ideally the limitation of travel 
of adjacent feed heads 13 is such that the areas over wliirh adjacent feed heads 13 
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may pa^ overlap. Vertical movement in the Z-direction of to aibout 5mm is 
requiied to allow for condmied precisioji of droplet deposition as the thiokaess of 
the product being made gradually increases. 

Each feed head 13 is comiected via a fir^ flexible pipe 15 to a reservoir 
5 (not shown) of heated fluid polym^c material that is noimally solid in ambient 
conditions and whidi melts when sufficisifly heated. The first flexible pipe 
branches off to finer tubes each of which is coupled to an individual feed head 
Within each feed head heated fluid polymeric material is fed via individual 
channels to individual nozzles. The viscosity of the molten material is preferably 

10 in the range firom 2-200 Centipoise, more preferably 5-40 Centipoise, measured at 
room terr5>eratore (20** C), An ionic resin may be used, such as SURLYN (Trader 
Made) as marketed by Du Pont In accordance with the techuiques described in 
US 5501824 the flow of polymeric material via a valve at the end of the nozzle 13 
is controlled by a conq>utcr. That computer is coimected to a CAD system on 

15 which is located a representation of the section of the nonwoven &bric being 
reproduced in 3D form by fhe apparatus, 

hi use the section or panel of nonwoven fabric being repioduced is formed 
on an endless belt 14 tendoned between two rollez^* The belt would, generally 
speaking, comprise a fabiicy optionally coated with a non-stick; coating such as 

20 PTPE. 

Generally spealdng manufactured mat^ial would be ^ fcom the endless 
belt 14 to a storage roll. Alternatively an endless product may be manufactured 
around ^e circumference of the belt 14. 
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A representation of the panel is provided on the CAD system. The 
control computer effectively slice$ i]ie CAD repiesentatlon into a plurality of 
virtual lay^ rq>rcseatatiotiis, which are togeOicr ]qKiwn as a building 
representation* The control computer uses the data on flie CAD system to 
5 reproduce stepwise layer by layer of the panel of the nonx^ven &bric on the belt 
14 by appropriate £^plication of the molten polymeric material. As drops of 
polymeric material are dq^osited onto the belt, or as the process progresses, onto 
previously solidified material, there is a rapid heat loss and the drops solidif/. 
Accurate location and flow of the polymeric mat^al is achieved by a 

10 combination of controUiag flow of the polymer through the nozzles 13 and the 
precise ejection of droplets by coixttolled fixing of the pie^ electrio crystals within 
the feed head as wdl as, movem^ of the feed head 13 in Ihe X, Y and Z 
directions. In ttie fommtion of a single section or panel of the fabric titie me&od 
used is much tbe same as that described in US SS01824, except in that a moveable 

1 5 belt 14 is used in place of a platform. Furthennore^ starimgth-providing yams are 
generally included in the fabric. 

Once the panel is constructed in accordance with the representation on the 
CAD system, the belt wHl th^ advance in a controlled manner to the position to 
which additional material is to be added to &>m the necfct panel or panels. 

20 After a layer of panels has been formed it may be advantageous to fiU iu 

any bollow areas in that layer with a second material in order to provide support to 
the next layer. This is a so-called "temporary lay* down phase'*. This second 
Tnatmal can be removed once manu&cture is complete, fojc example by washing 
or melting when the second material has a lower melting point than the material 
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&ojn which the fabric is made, In order to dispense tbis second inataial certain 
nozdes of the dispensing heads woiild be connected via a second £le?qble pipe to a 
reservoir of snch material and not to the &bric-fomiing material. 

Rofening to Pigs. 2 and 3 part of a nonwoven fabric 20, in accordance 
5 with the invention, is iUustiated. Tbis comprise^ a fine planar vppex grid 21 
secured to the tips of a series of parallel cross-machine direction lands 22, which^ 
in this embodiment, are triangular in section. The flat bases of these triangular 
lands 22 ate secured to an array of parallel machine direction lands 23 which ate 
square in ^ss section. The width of the paper contacting lands in the grid 21 is 
10 typically in the order of O.lmm. The depth of this layer is typically about 0.1- 
0.2jmn. The H^Tn^t^cinrig of the apertures defined by the lands are preferably at 
least 100 microns by 100 microns^ though the hole shapes need not be rectangular. 

It is noted that the position of the CMD lands 22 relative to the paper 
formation grid 21 may be varied^ For sample, two triangular lands 22 might 
15 cover or straddle the holes. Many variations are possible in the interests of 
providing optimum dewateiing efficiency and performance. 

Videomicroscope at magnification of 5SX shows that hemispheres of 
polymen i*e. micro-globules are produced on the sur&ce of the lands in that the 
lands are built up from globules of polymer. These micro-globules help provide 
20 for good sheet release without resulting in matldns of the paper formed on tiie 
sui&ce of the structure. 

In some circumstances it may be desirable to provide a non-planar support 
surface at a macroscopic lev^ For exainple, this may be usefiil in providing sheet 
release with difficult pulp nuxtures. Such a sur&ce could be conferred upon the 
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fabric by meaiis of a non-planar receiving belt This could be used to provide an, 
at 1^ partially, undulatizig fid>iic surSace of the type descnbed in US 5,847,102, 

It is possible^ by providing a flexible pipe fiom the feed head to an 
additional reservoir, to change the polymeric constituents as the structural build 
S qiproaches completion on the pqierside, such that the paperside sur&ce is martft 
of a difTerent material to the wearside.. A polymer containing ftnoTi pf* could, for 
example, be added in the final stages of manufacture, which would be more 
hydro/oleophobic than its precedmg layers. Thne the method of the invention 
. provides &r the mannfac ture of bi or even muM component structures so as to 
10 provide the completed &bric with the required characteristics. 

Ref^OTg to Hg. 4 a monofilament yam 24 of maximum diameter 0-2mm 
is encapsulated in each of the machine direction lands 23 below the febric 
supporting grid 21 so as to provide strength in the running direction of the fabrics 
when in use. This maximum diameta may be appropriate for fimning &brics, 
15 For other fabrics other diameters might be appropriate. For esxample, for dryer 
fabrics a maximum diameter of 0.6inm may be appropriate. The$e monofilament 
yams coiild be pre^assembled in spiral faishion during manufacture. The laying 
down of polymeric material would taike account of the very slight sideways 
movement of the yams. An electronic follower couki be used to establish an exact 
20 refisrence point befwe flie onset of printing each paneL 

In Fig. 4 the sequence of febric build (a) to (c), at the roll side of tiia febric, 
shows how a seml-circIe is created to allow yam to be introduced at (a). 
Thereafter in (b) and ffaen (c) the jet printing of material builds up around flie yam 
to eventually fidly enc^sulate it 
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The streixgCb providing yams in the machine direction need not be 
monojSIaments. For example^ fine multifilament yams could be used (e.g. dtex 
500). The yams may, fSosr example, be made of steel, polyester, polyamide, 
polyolefin, PPS, PEEK» parararamid or fix>m inorganic material, e.g. ^ass or 
S basalt. Bonding to the polymeric sur^e may be.etdianced by stable sur&ce 
tteatments such as tie-coats or sur£ace activation such as plasma treatmeot 

As an alternative or in addition to incoiporating monofilament yam^ in the 
machine direction lands, a nonwoven fabric of the invention may be secured on its 
underside, to a convCTlional &biic snch as a woven fabric or possibly to a further 

1 0 nonwoven &biic or knitted &bric« The &bric of the invention can also be secured 
at its topside to a fine wovra forming &bxio to yield specific formation properties 
as desired or to nonwoven fibrous batts. 

The &bric would preferably be built up in endless fomi to avoid seaming 
problems as are commonly encount^ed in the art when making seamed belts, 

15 particularly for use in p^ermaldng. Such problems are more apparent for belts 
used at the wet &^A, of the p^emiadime; i.e, forming fabrics. H^e differential 
penneability between the seam and the rest of the belt can cause unacceptable 
marldng of the paper sheet as formed in the seam area of the belt. Considerable 
time and effort and thus cost are involved in attempting to minimise these 

20 problepis. 

T!he ^ric has particular application as a forming fabric in that it provides 
a fine support network for the paper furnish whilst at the same time allowing for 
controlled drainage, as aided by the orientation, number azid cross-section of the 
created *V3™s'* or filaments within the &bric. The adoption of at least some 
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filameats that are triangular (includiBg substaistiaUy triangular), or other yams 
having a good hydrodynamic fih^e» is valuable in this xespecL 

It will be ^piecxated that known Free Form Fabrication techniques have 
resulted in the formation of a non» or partLally^ durable temporary product of 
5 relatively small dimensions. The apparatus previously used to produce such 
products is not of sufSdent scale to gmsr^ fiabxics in accordance with the 
invention that might typically be 1 Im by 3Qm. The invention proposes to build up 
the &hric &om anumber of filaments extending in both the Tnafi^Tijrift direction and 
cross madbine direction. This is achieved using an array of multi-jet heads, which 

1 0 efifectively print a s^es of panels in a raw, ideally in the cross-machine direction. 
This is illustrated in Hg. 5. Here the heads are programmed by the computer to 
print panels 25 with multiple tongue and groove combinations^ alternative 
arrangCTients being shown in Figs. 5a and 5b. In Fig. 5b some tongues are chosen 
to be longer than others to enhance panel bonding. In both Figs. 5a and 5b the 

15 panels are made up stepwise by a series of layers Zt-Zs- 

The growdi of the fabiic in the machine direction is achieved by forming a 
panel, or in the case of a miilti-head Tnanufiacturing assmbly a series of panels, 
onto the moveable belt 14. 

With reference to Fig. 6 it i$ envisaged that the si^port belt for the 

20 growing foraimnous polymer assembly could possibly advance continuously but 
slowly forwards, but generally speaking and preferably, the belt would be airested 
in a static state whilst a full panel consisting of discrete layers Zi — Z4 is built up. 
This intermittent movemmt of the belt provides for more accurate deliv^ of the 
polymeric material. Another benefit is that mauxtenance of the polymer feed 
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heads can take place whilst the belt is in a static state without detriment to any 
partially mmnfactured belt on the machine. "Wltea the consplete panel 25 (f) has 
been construirted the belt then advances for the commencemeat of the following 
panel 25 Qiy This process is repeated until the coxaplete belt has been 
5 maTinfactured in both length and width directions. 

Because of the accuracy of the micro control system of the process* 
inconiplete panels* both in the machine direction and the cross machine direction 
canbebi»ilt-up. The lade of coirqE>letiaa makes fer better integration wilh 
panels when they are started as the processing progresses. 

10 In the nnming direction an incompleted step will be left at the rear of the 

panel previously built i^. for the sake of example, a foraminous belt is d^ved 
from four layers Zi. Z^, Z3. Z4. the complete panel will contain 100% of layers Zi 
and Z2« However^ layers Z3 and Z4 may either be the same or selected to b$ 
different. The incomplete areas, Z3 and 2^ aie then filled in wheia the following 

1^ panel is built \xp. The benefit of this spUt-level assembly is likely to be the 
derivation of a better-integrated fabric. 

It can be seen that the laid-down area of all four layers is id^iticaL Layers 
Z4 and Za are simply displaced in a forwards direction relative to Z2 aud Zi. The 
overlap situation created aids inter panel bonding and contributes to better 

20 production unifbxmity* 

In Fig. 7 in a further fabric 30 in accordance with the invention the tips 31 
of the triangular cross-machine lands 32 have been, where Ihey contact the grid 33 
located thereupon, modified to create flat areas 34, These caieate a large contact 
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aiea for bonding to the upper grid 33. The same procedure woiad be adopted for 
filam^^*^ generated with alternative ^id sections. 

Rjefaiing to Fig. 8 a further embodiment 35 of the nonwoven fi*ric of the 
invention is illustrated- Here tiie triangular end section intermediate layer h^ 
5 been replaced with angled libs 36. This may serve to better control drairiage. 

In the embodiment iUtkstrated in Fig. 9 a sheet 37 compxising an array of 
perforattons of random size and shape is used to support the paper web, although 
the overall integrated (or average) pore size over a given area ideally r^nains 
uniform. By providing randomised topographical p^cforadon distribution in the 
10 x-y plane, regular patterns of aperture^ from flie forming fabric, which are 
conventionally replicated as a negative in the paper product, are not so rqplxcated. 
Thus no regular pattern is perceptible, this so-called periodicity hieing considered 
to be undesirable in papermaking^ 

The febric of Kg, 9 is made in a like mauuffr to the other fabrics of the 
15 invention as previously described. It is relatively straightforward to build up a 
fabric in which a support sheet layer having a random distribution of holes is 
integral with regularly spaced lands located therebelow. A temporary lay down 
phase of wax or the like is used to fill the gaps between the lands below the 
intmded location of the sheet and the sheet is built up over the lands and 
20 temporary ^Uler mntmfll This teaiporary material is removed, for example by 
washing or melting, after &bric manu&cture is complete. 

The embodiment of Fig. 10 is similar to that shown in Fig- 9 except that 
the cros^-madhine direction triangular lands 38 are curved so as to prevent Uiem 
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&om encroachiiig i^cm the perforations in the paper pulp support layer 39 which 

is sinular to that dDSoiibed wititi reference to Fig. 9. 

Referring to Fig. 11 a ftolher apparatus 40 for maldng anonwoven <Jryer 

fabric in ajccordance wi& the present invention comprises a plurality of feed heads 
5 41 mounted in such a manner as to ^cilitate translational movement in both the X 

and Y directions as well as vwtically in the Z directiorL The s^paratus 40 is 

fi fanflar to that disclosed in relation to Fig. 1 except that this apparatus is designed 

to manufacture a fabric by fused deposition modelling. 

Therefore each feed head 41 comprises two sets of dispensing nozzles, one 
10 of which receives PPS plastics filament of about ^ne inch diameter from a feed 

reel. Alternatively plastics pellets might be &d £romt a hopper rather than a 

Slmvmt, The other set of dispensing nozzles is fed a filament of a second, 

preferably water soluble acrylic polymer, material fix>m a second feed reel. 

Again, altemativ^y this Twqtfijpai may be supplied via a hopp». The first plastic 
15 filament is used to manufacture the fabric, whereas the second filament is used to 

form tbe "temporary lay down phase" as discussed with reference to Fig. 1 . 

In use the plastic filaments are fed to the extrusion nozzles wh^e they are 

heated so as to melt and thus fluidise the plastic. Extruded fiow through eadi 

nozzle is controlled by a valve mechanism at the nozzle. The emerging extrudate 
20 is continuous flow is terminated via the valve to allow the feed head to jump 

a d^osition gap before the flow is reinstated. 

Each feed head comprises two dispeosiug nozzles, although more 

may be used. GmeraUy speaking the FDM apparatus would comprise 4 to 40» and 

more preferably 10 to 30, feed heads. The nozzles are movable in the X, Y and Z 
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directions. Li ftte Y direction tiie feed heads must be enable of strfficient travel 
suoh, fhat ni^**^ft1 for TnATang Uie fabric may be ectruded fiom at least one of the 
noz^es of a feed liead at aiiy position in the Y-axis between the edges of the 
fabric being manufactured on the belt Ideally the limitation of travel of adjacent 
5 feed heads is sudi that the areas over which adjacent nozzles may pass overl^^. 
Vertical movCTient in the Z-direction of iip to about Smm is required to allow for 
continued precision of deposition of extruded material as the thickness of the 
product bdng made gradually increases. In acccmiance with the techniques 
described in US 5,501,824 flow of polymeric material via a valve at tiie end of 

10 each nozzle is controlled by a computer where the work piece to be made is 
digitised and converted into an STL (singular tessellated language) file. The 
computer is connected to a CAD system on which is located a representation of 
the section of the nonwoven fabric being reproduced in 3D fomi by the apparatus, 
la use the seetiozi or panel of nonwoven &bric being reproduced is formed 

15 on an endless belt 42 tensioned between two rollezs. The belt 42 would, generally 
speaking, comprise a fabric, optionally coated with a non^-stick coating such as 
PTFE- 

A r^resentation of the panel is provided on the CAD system. The 
control computer effectively slices the CAD representation into a plurality of 
20 virtual layer rqxresBntations, whidi are together I^ovra. as a building 
representation* The control computer uses the data on the CAD system to 
reproduce stepwise layer by layer of the panel of the nonwoven fabric on the belt 
42 by ^ropriate application of a thin bead of extruded molten polymeric 
material to fomi each layer. As polymeric material is extruded onto the belt, or as 
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flie i>rocess progresses, onto previoxisly soKdified material, there is a rapid heat 
loss and the extruded pUstic solidifies immediately bonding with any previously 
laid down materiaL Accurate location and flow of the polymeric material is 
achieved by a combination of controlliiLg flow of the polymer througli tiii© nozzles 
5 in the feed head 41 via valves and movement of the feed head 41 in the X, Y and 
Z directions. In the fotmation of a shigle section or panel of the &bne the method 
used is much the same as that described in US 5,121^329, except in that a movable 
belt 42 is used in place of a platfoniL Furthermore^ strength-providing yams are 
generally included in the int^tided machine direction of the £abric. 

10 Once the panel is constructed in accordance with the representation on the 

CAD system, the belt will fhsn advance in a controlled manner to the position to 
which additional material is to be added to form the next panel or panels. 

After a layer of panels has been fomied it may be advantageous to fill in 
any hollow areas in that layer with a second material in order to provide support to 

15 the ne^ layer. This is a so-called 'temporary lay down phase**. This second 
mat^al can be removed once manufacture is complete, for example by 
dissolving, washing or melting when the second material has a lower melting 
point than the material fbom which the fibric is made. In order to dispense this 
second matmal certain nozzles of the di^ensing heads would be coimected via a 

20 second flexible pipe to a reservoir of such material and not to the ^xic-^foxming 
n:iateciaL 

The entire system is ideally contained within a heated enclosure, which is 
held at a teniperature just less tium the melting point of the plastics being 
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extruded. Thus oidy a small amount of ea^gy needs to be supplied by tbe 
^ctiusion. nozzle to cause the plastics to melt. 

The method of manufacture using fused deposition modelling and the 
apparatus showa in Fig. 11 may be used to mano&cture any of the structures 
5 made in accordance with the apparatus of Pig. 1 and illustrated in Figs. 2 to 4 and 
7 to 10. likewise the ^paratus may be used to maniifactare panels as shown in 
Figs, 5 and 6. 

It is to be understood that the ^bove described embodiment is by way of 
illustration only. Many xoodiGcations and variations are possible. 
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CLAIMS 

1- A metiiod of making a fabric firom a material coinpiisuig the following 
steps:- feeding material fiom at least one nozzle onto a moveable belt, wberein 
said nozzle is moveable for translatioiial movement and the spacing between said 
5 nozzle and tibe belt adjustable, and wherein flow thiough said nozzle and 
translational movement of said nozzle is controlled such that ssid nozzle dispenses 
the mat^al in a controlled manna* to fomi the fabric layer-by-layer- 
2. A melbod as claimed in claim 1, wherein a plurality of nozzles are 
provided in a feed head. 
10 3p a method as claimed in claim 1, wherein a plurality of nozzles are 
provided in a plurality of feed heads. 

4< A me&od as claimed in any of claims 1 to 3, wberein the method of 
manu&cturing the fabric comprises selective deposition modelling. 

5. A method as claimed in any of claims 1 to 4, wherein the flow of material 
15 though tbe nozzle is quantised. 

6. A method as claimed in claim 5, wherein the nozzles together dispense 
about 12,000 drops per second. 

7. A method as claimed in any of claims 1 to 6, wherein the material is a 
meltable polymeric material having a viscosity in the range fiom 2 to 200 

20 Centipoise measured at 20^C 

8. A me&od as claimed in claim 7, wherein tiie material is a meltable 
polymeric material having a viscosity in the range firom 5 to 40 Centipoise 
measured at 20°C. 
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9. A method as clmmed in any of claims I tp 8, wherein the material is 
selected flom any of the following either alone or in combination:- polyamides, 
co-polyamides, polyesters, co-polyesters, amide esters, olefin resfajs, mrethanes, 
^ ynnt^fi lurethanes and ^ulphones. 
5 10. A method as claimed in any of claims 1 to 6, wh^ein the material 
comprises a radiation curable matetiaL 

11- A method as claimed in claim 10, wherein the material comprises a UV 
cmrable material, 

12. A method as claimed in claim U, wberain the UV curable material is 
10 selected firom any of the following either alone or in combination:- epoxy 

acrylates, polyester acrylates, silicone ac^lates andnreihane acrylates. 

13. A method as claimed in any of claims 1 to 12, fiuther conspiising feeding 
firom at least one nozzle, a temporary support medium for providing temporary 
support to jsaid material during manufacture of the fabric layer by layer. 

15 14, A method as claimed in claim 13, wherein said method fbrfher comprises 
the step of removing the temporary support medium. 

15. A method as claimed in claim 13 or claim 14, wherein the tecDporary 
support medium comprises a material selected fix>m hot melt resins and waxes. 

16. A method 3s claimed in any of claims 1 to 3, wherein the method of 
20 manufacture of the fabric comprises fused deposition modelliag. 

17. A method as claimed m claim 16, wherem the material is extruded from 
one or more nozzles. 

18. A method as claimed in claun 16 or claim 17, wherein the material is 
selected £com any of the following ^ther alone or in combination:" polyesters. 
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polyamides, higb molecular wei^ polyemylenes, polyphenyleofi sulphide, 
thfiimpplastic polyurethaaes and PEEK. 

19. A method as claimed in any of claims 16 to IS, wherein said material is 
fed to the nozzle as a flexible strand of ^oUd material. 
5 20. A method as claimed in any of claims 16 to 19, fiirfhOT comprisiiig 
providing a tenqiorazy support medium for providing teccporaiy support to said 
mateiial during manufacture of the fabric layer by layer. 

21. A method as claimed in claim 20, wherein said method further comprises 
the step of removing the teooporary support medium. 

10 22. A method as claimed in claim 20 or claim 21, wherein the temporary 
support medium comprises a mateiial selected fiom the following dtiier alone or 
in combination:- poly(2-ethyl-2'Oxa2oUne), polyvinyl alcohol, polyethylene 
oxide^ methyl vinyl ether, polyvinyl pyrrolidone^-based poisoners, maleic acid- 
based polymers and alkali-soluble base polymers containing cafboxylic acid and 

15 plasticiser. 

23. A method as claimed in any of claims 1 to 22, wherem means are provided 
for feeding an array of machine direction yams into the fabric. 

24. A method of making a fabric by Free Form Fabrication 

25. A method as claimed in any of claims 1 to 24, whereiu the fabric is 
20 papennachine clothings 

26. An apparatus for making a &bric fiiom a material layer-by-layer, the 
apparatus comprising at least one nozzle and a moveable belt, the nozzle being 
operable to feed material onto the moveable belt, wherem the nozde is moveable 
for translational movraient and the spacing between the nozzle and the belt is 
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adjustable^ aiid wheieia flow through said nozzle aiid translational movement of 
said nozzle is controlled such tbat said Bozizle diispenses the material in a 
controlled manner to &nn the ^ric layer by layer. 

27. An apparatus as claimed in claim 26, wherein a plurality of nozzles are 
S provided in a feed head* 

28. An apparatus as claimed in claim 26, wher^n &e apparatus comprises a 
plwality of feed heads. 

29. An ^)paratus as claimed in any of claims 26 to 2S, wherein &e apparatus 
manufactures ibe &bzic by selective deposition modelling* 

10 30. An appatatos as claimed in any of claims 26 to 29, wherein the flow 
through the nozzle is quantised. 

31. An apparatus as claimed in claim 30, wherem the nozjzles togeflxer 
dispense about 12,000 drops, p^ second. 

32. An ^paratus as claimed in any of claims 26 to 31, wherein the material is 
15 a meltable polymeric material having a viscosity in die range firom 2 to 200 

CentLj>ois6 measured at 20''C, 

33. An apparatus as claimed in claim 32, whereia the mat^al is a meltable 
polymeric mataial having a viscosity in the range from 5 to 40 Centipoise 
measured at 20''C. 

20 34. An ^paratus as claimed in any of claims 26 to 33, wherein the material is 
selected fcota any of the following either alone or in combination:- polyamides, 
co-polyamides, polyesters, co-polyesters, amide esters^ olefin resins^ urethanes, 
amide urethanes and sulphones. 
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35. An apparatus as claimed in any of claims 26 to 31, wherein the material 
comprises a radiation curable material* 

36. An ^paraftis as claimed in claim 35, wherda the material comprises a UV 
curable material- 

5 37, An ^paratus as claimed in claim 36* wberein thiS UV cnrable material is 
selected from any of the following either alone or in combination:- epoxy 
aorylates, polyester acrylates, silicone acrylates and urelbane acrylates. 

38. An apparatus as claimed in any of claims 26 to 37, comprising at least one 
nor^le £br distributing temporary stqppoit to said material during manufacture of 

10 the fabric layer by layer- 

39. An ^paratus as claimed in claim 38, wherein said apparatus comprises 
means for removing tiie temporary support material 

40. ' An apparatus as claimed in claim 38 or claim 39, wherein ihe temporary 
support medium comprises a material selected from hot melt resins or waxes. 

15 41, An apparatus as claimed in any of claims 26 to 28, wherein the ^aratus 
manufactures the fabric by fiised deposition modelling. 

42. An apparatus as claimed in claim 41, wherein the matmal is extruded 
from one or more nozzles, 

43. An apparatus as claimed in claim 41 or claim 42, wherein the material is 
20 selected from any of the following either alone or in combination:- polyesters, 

polyamides, bi^ molecular w^ght polyethyknes^ polyphenylene sulphide, 
thennoplastic polyurethanes and PEEK. 

44. An apparatus as claimed in any of claims 41 to 43, wherein said material is 
fed to the nozzle as a fl^dble strand of solid material. 
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45. An apparatus as claimed in any of claims 41 to 44, wherein a fiuther 
support material is fed via one or moit^ nozzles for providing temporary siq)port to 
said material dining ihe manufiac^^ of the fabric layer by layer. 
46- An apparatus as claimed in claim 45, wherein said 25)paratas comprises 
5 means for removing the temporary support material. 

47. An apparatus as claimed in claim 45 or claim 46, wherein the temporary 
support medium comprises a material selected fiom tiie fbUowing dtber alone or 
in combination:- poly(3-ethyl'2-oxazoline), polyvinyl alcohol, polyethylene 
oxide, methyl vinyl ether, jiolyvinyl pyirolidone-hased polymers, maleic add- 

10 based polymeis and ajkali-sohible base polymers containing caxboxylic acid and 
plasticis^. 

48. An ^paratos as claimed in any of claims 26 to 47, wherein the apparatus 
conq>ris6s means for feeding an array of naachine direction yams into the £93>iic. 
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